Eccosapentaenoic (EPA) and docosahexaenoic (DHA) acids were distributed mainly in the sn-1 and 3 positions of seal oil triacylglycerol and in the sn-2 position of fish oil triacylglycerol. Seal oil or fish oil-rich fats having constant polyunsaturated/monounsaturated/saturated fatty acids and n-6/n-3 polyunsaturated fatty acid (PUFA) ratios were fed to rats for 3 wk. Control rats were fed on a fat containing linoleic acid as the sole PUFA. Seal oil more effectively lowered serum and liver triacylglycerol concentrations than fish oil. The activities of fatty acid synthase (FAS), glucose-6-phosphate dehydrogenase (G6PDH) and hepatic triacylglycerol lipase (HTGL) were significantly lower in the seal oil group than in the control group, whereas the activity of HTGL was significantly lower and the hepatic peroxisomal fl-oxidation and activity of lipoprotein lipase (LPL) in adipose tissue were significantly higher in the fish oil group than in the control group. These observations suggest that the predominant hypotriacylglycerolemic effect of seal oil is caused by the suppression of fatty acid synthesis.
1 Laboratory of Nutrition Chemistry, Division of Bioresource and Bioenvironmental Sciences, Graduate School Kyushu University, Fukuoka 812-8581, Japan 2 Nisshin Oil Mills , Tokyo 104-0033, Japan (Received January 14, 1999) Summary Eccosapentaenoic (EPA) and docosahexaenoic (DHA) acids were distributed mainly in the sn-1 and 3 positions of seal oil triacylglycerol and in the sn-2 position of fish oil triacylglycerol. Seal oil or fish oil-rich fats having constant polyunsaturated/monounsaturated/saturated fatty acids and n-6/n-3 polyunsaturated fatty acid (PUFA) ratios were fed to rats for 3 wk. Control rats were fed on a fat containing linoleic acid as the sole PUFA. Seal oil more effectively lowered serum and liver triacylglycerol concentrations than fish oil. The activities of fatty acid synthase (FAS), glucose-6-phosphate dehydrogenase (G6PDH) and hepatic triacylglycerol lipase (HTGL) were significantly lower in the seal oil group than in the control group, whereas the activity of HTGL was significantly lower and the hepatic peroxisomal fl-oxidation and activity of lipoprotein lipase (LPL) in adipose tissue were significantly higher in the fish oil group than in the control group. These observations suggest that the predominant hypotriacylglycerolemic effect of seal oil is caused by the suppression of fatty acid synthesis. Key Words docosahexaenoic acid, eicosapentaenoic acid, fatty acid synthesis, positional fatty acid distribution, seal oil It is well known that dietary marine oils containing eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids reduce plasma triacylglycerol concentration in humans and experimental animals (1-3). These n-3 polyunsaturated fatty acids (PUFA) effectively suppress fatty acid and triacylglycerol synthesis and increase fatty acid oxidation in the liver, and hence, they induce a reduction in the secretion of very-low-density lipoproteins (VLDL) from the liver (4-6). This may be a major Table 2 . Seal and fish oils contained cholesterol at less than 0.7%. Therefore, cholesterol contents in the diets containing seal or fish oils were less than 0.014%. Only a freshly prepared experimental diet was given to rats every evening for 3 wk. After they were starved for 7h (7:00-14:00), the rats were sacrificed by withdrawing blood from the abdominal aorta under diethyl ether anesthesia. Preparation of liver subcellular fractions. A piece of liver was homogenized in 6 volumes of an ice-cold 0.25M sucrose solution containing 1mM EDTA in a 10mM Tris-HCl buffer (pH 7.4). Fractions of mitochondria, microsomes and cytosol were obtained as previously described (6).
Analysis of lipids. Triacylglycerol structures of seal and fish oils were analyzed by a Grignard degradation method (7, (12) (13) (14) .
Liver lipids were extracted by the method of Folch et al (15) , and cholesterol (16), triacylglycerol (17) and phospholipid (18) were analyzed. Serum cholesterol, triacylglycerol and phospholipid were measured using the Cholesterol C-test, 
RESULTS
Structural distribution of fatty acids in seal and fish oils EPA, DHA and 22: 5n-3 in seal oil were located mainly at the sn-1 and 3
positions, in contrast, 16:1 and 18: ln-9 were at the sn-2 position (Table 1) . Fish oil triacylglycerol predominantly contained DHA at the sn-2 position and 16:1, 18:1n-9 and 18:1n-7 at the sn-1 and 3 positions.
Growth, food intake, and liver weight As shown in Table 3 , there were no significant differences in body weight gain, food intake and relative liver weight among the three groups.
Serum and liver lipid concentrations
The concentrations of serum and liver lipids are shown in Table 3 . The serum triacylglycerol concentrations in the marine oil groups were significantly lower than that in the control group, seal oil being more effective than fish oil. The serum cholesterol and phospholipid concentrations were significantly lower in the marine oil groups when compared with the control group. The triacylglycerol concentration in the liver was significantly lower in the seal oil group than in the control group. peroxisomal fl-oxidation was significantly higher in the fish oil group than in the control group, and its activity in the seal oil group was intermediate between the fish oil and control groups. The activity of LPL in adipose tissue was significantly higher in the fish oil group than in the control group, and the activity in the seal oil group was intermediate between the fish oil and control groups. The activity of HTGL in the fish and seal oil groups was significantly lower than that of the control group. There was no difference in the HTGL activity between the two marine oil groups. DISCUSSION We previously showed that EPA and DHA at the sn-1 and 3 positions in seal oil triacylglycerols was retained at more than 90% in thoracic duct lymph triacylglycerols after administration and those at the sn-2 position in fish oil triacylglycerols retained at more than 60% (7). It has been reported that the structural difference of lymph triacylglycerol is reflected by the triacylglycerol structure in plasma chylomicrons (30) . Dietary fat containing seal oil more effectively lowered plasma and liver triacylglycerol concentrations than that containing fish oil in rats (7). Because the content of n-3 and n-6 PUFA and monounsaturated and saturated fatty acids in the dietary fats were adjusted to the same between the seal oil and fish oil groups, the results strongly suggest that their unequal effect on plasma and liver triacylglycerol concentrations is due to the structural difference between these marine oils (7). In the present study, the predominant effect of seal oil over fish oil on serum and liver triacylglycerol concentrations was reconfirmed as shown in Table 3 .
It has been reported that dietary marine oils suppress hepatic lipogenesis in experimental animals (2). We showed that both EPA and DHA contribute to a reduction of the activities of FAS, G6PDH and the malic enzyme in rats (6). In the present study, although the activities of FAS and G6PDH were lower both in the seal and fish oil groups than in the control group, a significant difference was observed only between the seal oil and control groups. The results show that fatty acid synthesis in the liver is more strongly suppressed by the feeding of seal oil than fish oil. When correlation coefficients between triacylglycerol concentrations in the liver and serum and various enzyme activities were calculated, a highly positive correlation was observed between serum triacylglycerol concentration and FAS activity (r=+0.81). Correlation between serum triacylglycerol concentration and G6PDH activity was also significantly high (r=+0.55). Therefore, the results strongly suggest that the predominant reduction of serum triacylglycerol by seal oil is induced by lowering fatty acid synthesis in the liver.
In our previous study, when linoleic acid, a-linolenic acid, EPA or DHA were given to rats, liver triacylglycerol concentration was highly and positively correlated with hepatic FAS activity (r=+0.77) (6). However, in the present study, although the reduction of liver triacylglycerol was similar to serum triacylglycerol in the and fish oil groups than in the control group. A weak negative correlation was observed between serum triacylglycerol concentration and LPL activity (r=-0.44). Therefore, there is a possibility that a part of the reduction in serum triacylglycerol with the feeding of these marine oils is caused by the increase of LPL activity. However, it is thought that the change in the LPL activity does not have a primary role in the different effects of seal and fish oils on serum triacylglycerol concentration, because LPL activity tended to be higher in the fish oil group than in the seal oil group. HTGL activity was lower in the fish and seal oil groups than in the control group. Benhizia et al obtained similar results for dietary fish oil (8). They suggested that the reduction of HTGL activity by dietary fish oil may be secondary to the reduction of serum triacylglycerol concentration. In any event, the difference in triacylglycerol structure between seal and fish oils did not influence HTGL activity.
Our results showed that seal oil, in which EPA and DHA are mainly distributed in the sn-1 and 3 positions of the triacylglycerol, more effectively reduces serum and liver triacylglycerol concentrations than fish oil, in which the n-3 PUFA are mainly distributed in the sn-2..position. The predominant effect of seal oil over fish oil may be mainly due to a different effect on fatty acid synthesis in the liver. 
